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with those of the late and medium. It is also desirable to have one
row in each plat sown to seed from the plants of the same variety, to
determine prepotency, etc.

THIBD TEAR.

April, June, and July.—Cultivate as before, note characteristics,
and select the most promising varieties for seed or more extensive
transplanting.

August.—Sow seed from select varieties in rows, with one trans-
planted row from mother plants, for comparison, each plat to con-
sist of a square rod or more; also sow seed broadcast in plats one rod
square or more, to determine behavior under normal meadow con-
ditions.

FOURTH YEAR.

May.—Thin the seedlings in the rows to one plant for each one-
twentieth of a rod in the rows, cultivate as before, and in June and
July note comparative characteristics of seedlings and mother plants.

August.—Select individual seedlings which have shown evidence
of improvement, and transplant as in first year.

FIFTH YEAR.

Distribute plants and seeds of a few of the exceptional varieties
to experiment stations and practical farmers, in different sections of
the country, or exchange with other breeders, in order that the varie-
eties may be tested under widely varying conditions to determine
those to which they are best adapted.

Publish results and descriptions of varieties.

LABORATORY WORK IN PLANT BREEDING.

By R. A. EMERSON, Lincoln, Nebr.

IMPORTANCE OF LABORATORY WORK.

It is perhaps unnecessary to say that at least a part of the instruc-
tion in any systematic course in plant breeding should be given by the
laboratory method. True, the average student of plant breeding can
learn much about practical methods and about principles upon which
these methods are based from lectures and systematic reading, but he
will certainly become more expert in practical methods and obtain
a clearer insight into the underlying principles if his library and class-
room work is supplemented by regular laboratory exercises.

As regards instruction in practical methods the truth of the above
statement is obvious. No one for instance would attempt to give in-
struction in the selection of seed corn by lectures alone no matter how
well they might be illustrated by charts and photographs, provided
he could arrange for actual practice work. It is largely on account of
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this fact that work in corn judging is provided for in our agricultural
schools. When we come to the other phase of instruction, however,
when we attempt to teach the principles of plant breeding, too many
of us depend almost wholly upon work in the lecture room and library.
An opportunity to work with the plants themselves is just as import-
ant to the student who is studying principles as to the one studying
practical methods. For instance, the student who has a chance to
hybridize a few plants and grow the hybrids for two or three gener-

' ations will be benefited more by this work than he could possibly be
by an equal amount of time spent in reading about hybrids. His
reading afterward will mean more to him for he has some experience
of his own with which to compare the results reported by others.
Moreover, work along this line with the plants themselves is decidedly
ahead of lectures and books in creating enthusiasm on the part of the
student. I doubt if there is anything a student will watch with more
interest than a hybrid which he himself has made. If the beginner is
not tempted to poke in to the first flower bud on his new hybrid in-
stead of waiting for it to open the next day, it is a question whether
he will ever take any great interest in plant breeding.

LINES OF WORK SUITED TO LABORATORY PRESENTATION.

Just what phase of the subject of plant breeding shall be brought
to the student's attention in the laboratory will doubtless depend
somewhat upon the instructor's viewpoint. Naturally his own hob-
bies will receive ample illustration. Nevertheless it is to be assumed
of course that the instructor will try to present all phases of his sub-
ject with due consideration for their relative importance. Manifestly,
however, some things are better adapted to presentation in the labor-
atory than others. Personally I have not attempted to introduce into
my laboratory work anything to illustrate the effect of environment
on the production of improved varieties of plants. Doubtless some-
thing of the sort could be done, but the lines of work which to my
mind seem best suited to laboratory study are the methods and re-
sults of hybridization and of straight selection.

As between teaching practical methods on the one hand and fund-
amental principles on the other, it is my belief that the latter should
receive the greater attention in a general course. While some part
of any work in plant breeding will naturally be devoted to practical
methods, such work is special for the most part and belongs therefore,
with a study of particular crops rather than in a general course.

PRACTICAL WORK IN HYBRIDIZATION.

The practical work in hybridization will usually consist of practice
in cross-pollinating the flowers of a number of common plants. The
particular plants used will of course depend on the locality where the
course is given and upon the season of the year in which is is offered.
They should be chosen, however, to represent several-types of flowers.
Some of the plants selected should have perfect flowers and others im-
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perfect ones. Some plants should be included that must not be polli-
nated until the pistils mature and some that permit of premature
pollination. The plants chosen for the first work should have flowers
that are easy to operate upon, while later more difficult subjects should
be included. On the whole, comparatively little time should be spent
on this work. If the student gets an insight into general methods
it is enough. When he comes to take up the breeding of a particular
crop he will adopt methods of his own anyway.

DIFFICULTIES ENCOUNTERED IN A LABORATORY STUDY OF
: HYBRIDS.

When it comes to studying results of hybridization in the labor-
;.. atory many difficulties arise. In the first place at least three genera-
t tions of the hybrid in addition to the parent generation must be grown
i. in order that the student get an adequate notion of the behavior of
jt hybrids. This is not a difficult matter for the special student who
;/ will spend some years in the work; but in the one or two semesters
«*:"'. which the average student can devote to the subject there is not time
';• •' -to grow four generations one after the other of any plant with which
f-- I am acquainted. The early dwarf beans require comparatively little
:'l time for development, usually not much over three months from the
iJ' time the seed is planted until the crop is ripe, and yet, if no time is
pE'; lost during the nine months of the school year, the student can barely
p. grow the parent races, cross them and grow the first and second gener-
-' ations of the hybrid. One way around this difficulty is to have on

hand from a previous year's work crossed seeds and seeds of the first
and second generations of the same hybrid. The student can then
at the very beginning of his course plant seeds of the pure parent races
and seeds that will produce the first, second and third generations of

fif' a particular hybrid. Or the difficulty may be overcome by choosing
a plant that can be propagated by cuttage or some similar means as
petunia or tomato for instance. Individuals of several generations of
a hybrid, once they have been obtained, can then be carried along
from year to year without great trouble. The advantages of these
methods are that they enable the student to compare the several gen-
erations of the hybrid directly with each other and to complete the
work in a single semester. The main disadvantage of the methods
is the fact that the student will take less interest in the study of "ready
made" hybrids than in following his own crosses from one year to
another.

A method not very different from those already suggested is to
use preserved materials. Of all these, specimens on herbarium sheets
or in glass jars are of least value. The choice should be for plants,
some product which will keep well in its natural state. Ears of corn
are ideal in this respect. The same specimens can be kept for a long
time if carefully handled. Seeds of beans, peas, etc., are also good.
Gourds, I suppose, would furnish excellent material. But hybrid spec-
imens need not be limited to products that keep for years. Even
pumpkins and squashes, excellent subjects for crossing, can be kept

i n
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well through the winter. Some of the ornamental gourds can be kept
considerably longer. The use of squashes and pumpkins would of
course necessitate the growing of a new supply each year.

There is a second difficulty that is hard to get around, particulaly
where the student is to grow the plants rather than to depend upon
preserved specimens. This is that large numbers of individuals are
required in order that any adequate idea can be had of the possibilities
of hybridization. Where only a few individuals of any hybrid are
grown, it is improbable that all or anything like all the possible com-
binations of parent characters will be secured; but even admitting the
probability of the presence of most of the possible forms, certainly no
accurate idea can be had from a few individuals of any numerical
relation which might exist between the various forms. Large num-
bers of plants cannot be grown during winter when school is in session
without the use of considerable room in greenhouses. The choice of
comparatively small plants will of course reduce the difficulty materi-
ally. If preserved specimens are used they also should not be too
bulky. This is the greatest drawback to the use of such plants as
squashes and pumpkins. • '

HOW TO STUDY HYBRIDS IN THE LABORATORY.

In case only one or two exercises are to be devoted to the study of
hybrids in a general laboratory course in horticulture, it will doubtless
be sufficient for the student, first, to note in a general way the rela-
tive amount of variation in the first and succeeding generations in
comparison with the variations shown by the parents; whether they
resemble one parent more than the other, or whether they are like one
parent in some respects and like the other in other respects; third, to
learn whether certain types seem to breed more nearly true than others.
When more time is at the disposal of the student, as would be the case
in a regular course in plant breeding, the work might be started much
as outlined above, but a more careful study should follow at once.
The student should be impressed from the start with the importance
of studying unit characters. He should take up a single character at
a time as, for instance, wartiness in squashes, stringiness in bean pods,
hairiness in poppies and the like, and study this one character in all
generations of the hybrid as well as in the parent races. He should
not only observe the variation in the development of this character
in the various individual plants, but he should note in case of alternate
inheritance the number of individuals that have the character and the
number in which it is wanting. In case of certain characters he
should make accurate measurements of all individuals as, for instance,
in studying shape of squashes, bean seeds and the like. In no other
way can he get so clear an idea of the variation that the particular
character exhibits in the various generations under observation.
Later he should study the relation of one character to another. He
will run across numerous correlations, especially in color. The student
will soon find that it is often difficult to tell beforehand just what
characters behave as units' in heredity. He might assume at the
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beginning, for instance, that all the fibers present in a bean pod would
behave as a unit character, but this notion will be corrected when he
studies the second generation of a cross between a tough stringy-
podded bean and a tender stringless-podded one.- He will at once
come upon plants with pods that have fibers along the sutures but no
fibers in the walls or perhaps pods that have the wall fibers without
the suture fibers.

LABORATORY WORK IN SELECTION.

Practical work in selection is not well adapted to laboratory exer-
cises in a general course in plant breeding. There are a number of
plants or plant products that might be employed in such work. Prac-
tice might be had for instance in the selection of corn of a particular
type or some variety of table beet might be used instead. But such
work simply teaches the student what the desirable or standard char-
acteristics of a particular variety or crop are and affords him practice
in sorting out individuals of the approved type from those of that are
not so desirable. While this is most excellent and practical work it
manifestly belongs with the study of the particular crop in question
and should not be introduced to any great extent in a general plant-
breeding course.

When we undertake a laboratory study of the principles upon
which proper selection is based, much the same difficulties are' encoun-
tered as have to be overcome in laboratory work with hybrids, namely
that large numbers of individuals must be used, requiring considerable
room and that several generations must be grown and studied, re-
quiring more time than the average student can afford. These diffi-
culties are to be met in the ways pointed out in discussing laboratory
work with hybrids: Small plants may be chosen; seed of several gener-
ations produced from a particular selection may be provided for the
student, or the inidvidual plants of the various generations may in
some cases at least be propagated from cuttings; finally, preserved
materials may be employed.

In a study of the results of selection it is not enough that the
student see the type originally selected and note the progress made
by examining the best individuals produced in each of the several
generations; in order to get an adequate idea of what to expect from
selection he must see numerous individuals of the stock from which
the selection was first made and all the individuals produced in each
generation or at least enough of them to indicate the percentage of
individuals like the selected type.

As many distinct types as possible should be under observation
since certain types may breed more nearly true than others from the
first, or certain individuals may transmit their characters with more
certainty than others.
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